In this paper we present the antimicrobial activity of some newly synthesized dibenz [b,e]oxepin derivatives bearing the oximino moiety, and fluorine (F) and trifluoromethyl (CF 3 ) group substituents. The chemical structure and purity of the new compounds were assessed by using elemental analysis, NMR and FTIR spectroscopy. The new compounds were screened for their antibacterial activity towards Gram-positive and Gram-negative strains, by qualitative and quantitative assays. Our results demonstrated that the CF 3 and F disubstituted compounds could be considered for the further development of novel antimicrobial drugs.
Introduction
Dibenz[b,e]oxepin derivatives represent an interesting class of compounds possessing a wide spectrum of biological and pharmacological activities, such as antidepressant, anxiolytic, anticholinergic
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and antihistaminic [1, 2] , antipsychotic [3] and also analgesic, antipyretic and anti-inflammatory properties [4, 5] . On the other hand, the oximino moiety has been also reported to have biological significance, being included as a structural fragment in Noxiptilin, an antidepressant drug.
A series of new imidazole derivatives of 6,11-dihydrodibenz[b,e]oxepines [6] have been proved to exhibit antifungal activity. Leptosphaerin D, an analogue of Arugosin F, is a new polyketide with dibenz[b,e]oxepin structure, isolated from solid cultures of the ascomycete fungus Leptosphaeria sp., which showed antifungal effects against the plant pathogens Fusarium nivale and Piricularia oryzae [7] .
Fluoro and trifluoromethylated compounds are of particular interest as the strong electron-withdrawing effect of F and CF 3 groups contributes to a number of biologically important molecular properties. Some of the most well known fluorine-containing drugs with antibacterial activity are the fluoroquinolones. The isosteric substitution of hydrogen by fluorine in organofluorines compounds may increase the lipophilicity and thus enhance the rate of cell penetration, which is a very important feature in drug delivery, both referring to prokaryotic, Gram-negative bacteria as well as eukaryotic cells. The higher polarizability due to the C-F bond may give rise to new possibilities for binding to the receptor. Fluorine substitution can also influence pharmacokinetic and pharmacodynamic properties of the molecule [8] .
The aim of the present study was to synthesize ({[(E/Z)-11-dibenz[b,e]oxepin-11(6H)-ylidene]amino}oxy)(substituted-phenyl)methanone derivatives, the phenyl group being disubstituted in different positions with fluorine and trifluoromethyl group, in the purpose to obtain hybrid molecules bearing pharmacophore groups, i.e., dibenz[b,e]oxepin nucleus, oximino moiety, fluorine and trifluoromethyl group, with improved antimicrobial activity.
Results and Discussion
Taking into account that, until now, the potential biological activities of different dibenz[b,e]oxepins derivatives have been tested almost exclusively on eukaryotic cells (i.e., yeasts, molds, protozoan and mammalian cells), our purpose was to assess the in vitro antimicrobial activity of dibenz[b,e]oxepins carrying oximino group at position 11, as well as fluorine and trifluoromethyl groups as substituents, using Gram-positive and Gram-negative bacterial strains, recently isolated from different clinical sources and resistant to beta-lactam antibiotics.
Synthesis and Chemical Characterization
The structure of the new compounds was established on the basis of the elemental analysis and spectral (FTIR and NMR) data.
The new compounds were solid, crystallized, white or light yellow, soluble at normal temperature in acetone, benzene, toluene, xylene, chloroform, dichloromethane and dichloroethane, by heating in inferior alcohols, insoluble in water. The melting points indicated the purity of the new compounds and the elemental analysis closely corresponded to the calculated values.
Structural elucidation of these compounds was also performed by IR and NMR spectra, with all results being in full agreement with the proposed structures.
The IR spectra were given as w-weak band; m-medium band; s-intense band; vs-very intense band and were obtained using the ATR technique. In the IR spectra some significant stretching bands 
Antimicrobial Activity Results
Until now, dibenz[b,e]oxepins have not been deeply investigated for their antimicrobial activities by other authors. However, there are documented a series of other biological activities for these compounds, demonstrating their interaction with the eukariotic cells, also explaining their antifungal properties [6, 7] . During the present study, new dibenzoxepinone oximes bearing fluorinated and trifluoromethylated substituents have been tested for their antimicrobial activity, starting from the hypothesis that the eukariotic cell membrane exhibits similarities with some prokariotic structures (e.g., the outer membrane of the Gram-negative strains). In this purpose, the new compounds have been tested comparatively on Gram-negative and Gram-positive bacterial strains resistant to beta-lactam antibiotics, used in the conventional therapy of this kind of infections.
The qualitative method used for the screening of the antimicrobial activity of the tested compounds indicated only very low diameters of growth inhibition around the paper filter disks, so we did not proceed to measure the diameters of the inhibition zones. These results could be due to the low diffusion rates of the tested substances from the paper filter disks. It must also be mentioned that the intermediary compounds implicated in the synthesis pathway, i.e., 6,11-dihydro-dibenz[b,e]oxepin-11(6H)-one and 11-hydroximino-6,11-dihydro-dibenz[b,e]oxepin have been also screened by disk diffusion, but no inhibition of the microbial growth was observed.
The results of the quantitative assay of the antimicrobial activity, expressed by the MIC values, of the new compounds are summarized in Figure 1 . The quantitative assay revealed that out of the tested compounds, all were more active that ceftazidime, exhibiting lower MIC values than the antibioticon Klebsiella planticola, six on Morganella morganii, five on Pseudomonas aeruginosa and two on methicillin resistant Staphylococcus aureus (Figure 1) . A MIC value superior to 250 µg/mL was considered as corresponding to a low, between 250 µg/mL and 125 µg/mL to moderate and under 62.5 µg/mL to a good antimicrobial activity.
In general, the positions of fluorine and trifluoromethyl substituents on phenyl ring significantly influenced the antibacterial activity. It is already known that fluorine could exhibit an intrinsic microbicidal activity. Insertion of fluorine in a strategic position of a molecule has emerged as a very powerful and versatile tool for the development of the compounds endowed with biological activities. The presence of fluorine often leads to increased lipid solubility, thereby enhancing the rate of in vivo absorption and transport of drugs [9, 10] .
The most active compound, concerning both the intensity of the antimicrobial activity and the microbial spectrum proved to be ( For Proteus vulgaris, Salmonella arizonae and Escherichia coli, the activity of the tested compounds was similar to that of the DMSO solvent and inferior to the control antibiotic. For Klebsiella planticola, all tested substances showed similar MIC values as for the DMSO and lower than the tested antibiotic.
Although the differences between DMSO and the tested compounds did not exceed one dilution, it must be noticed that in some cases, our compounds were more active than ceftazidime. The relatively high MIC values could be due, on the other hand, to the fact that the bacterial strains chosen to be tested were of clinical origin and resistant to antibiotics.
Experimental Section

Chemicals and Methods
All chemicals and solvents were purchased from Merck, Fluka and Sigma-Aldrich and were of commercial quality. They were used as received, except 1,2-dichloroethane (anhydrized over calcium chloride and distilled at normal pressure), pyridine (stored over potassium hydroxide and then distilled), and benzene (kept overnight with sodium and then distilled).
Melting points were uncorrected and determined in open capillary tubes on an Electrothermal 9100 apparatus.
Elemental analyses were performed on a Perkin Elmer CHNS/O Analyser Series II 2400 apparatus, the results being within ±0.4% of the theoretical values.
IR spectra were recorded on a FT-IR Bruker Vertex 70 spectrophotometer. NMR spectra were recorded on a Varian Unity Inova 400 instrument operating at 400 MHz for 1 H, 100 MHz for 13 C and 376.279 MHz for 19 F-NMR.
Synthesis of the New Compounds
The dibenz[b,e]oxepins were synthesized according to the previusly described procedure [11] . The 2-phenoxymethylbenzoic acid was prepared in the first stage, by refluxing the phtalide with potassium phenoxyde in xylene. This gives the 2-phenoxymethylbenzoic acid potassium salt, which has good solubility in potassium hydroxide aqueous solution allowing its facile separation from xylene. The aforementioned acid was then precipitated using a mineral acid solution. The potassium salt of phenol was obtained using phenol and potassium hydroxide in xylene, the resulting water being removed by azeotropic distillation. Table 1 . purpose, serial binary dilutions of the tested compounds were performed in a 150 μL volume of MHB (from 1000 μg/mL to 7.8 μg/mL) and each well was seeded with 30 μL of microbial inoculum of 0.5 MacFarland density. The plates were incubated for 24 h at 37 °C, and MICs were read as the last concentration of the compound which inhibited the visual microbial growth.
Antibiotic Controls
Beta-lactam antibiotics (i.e., third generation cephalosporin ceftazidime) have been used as controls [15] .
Conclusions
In conclusion, we synthesized some new dibenz[b,e]oxepin derivatives from the key intermediate 11-hydroximino-6,11-dihydro-dibenz[b,e]oxepin, which was treated with acyl chloride in order to obtain eight compounds bearing fluorine and trifluoromethyl group substituents in different positions on the phenyl ring. The results of the antibacterial activity of the new compounds indicated that the most active was the 2-F, 5-CF 3 substituted one, which exhibited good antimicrobial activity against multi-drug resistant strains of Pseudomonas aeruginosa, enterobacterial strains and methicillin resistant S. aureus, frequently implicated in the etiology of opportunistic infections.
